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INTRODUCTION 

A chamber t o  form s p e c i a l  photographic  t es t  images under c o n t r o l l e d  

cond i t ions  was  r e c e n t l y  f a b r i c a t e d  i n  t h e  Space Astronomy Laboratory o f  

t h e  Un ive r s i ty  o f  Arizona. I n  o rde r  t o  e l i m i n a t e  mois ture  condensat ion 

problems a t  low temperatures  t h e  tes t  chamber con ta in ing  t h e  f i l m  i s  

evacuated t o  about  50 microns p re s su re .  A t  t h i s  reduced p r e s s u r e  severe 

s t a t i c  e lec t r ica l  d i scha rge  problems on t h e  f i l m  were encountered as i l l u s -  

t r a t e d  i n  f i g u r e s  lA-1D. Cor rec t ive  measures,  descr ibed  i n  t h e  body o f  

t h i s  r e p o r t ,  were taken  t o  reduce t h e  s ta t ic  d i scha rge  problem t o  an  accept -  

a b l e  level as shown i n  f i g u r e  1E. 

The test  system used i n  t h i s  s tudy  c o n s i s t s  of  t h e  l a r g e  vacuum chamber 

mentioned above which houses o p t i c a l  components t o  produce t h e  test  images. 

A de tachable  photographic  compartment and a monitor  pho tomul t ip l i e r  w i th  

a s s o c i a t e d  e l e c t r o n i c s  are a t t ached  t o  t h e  main chamber. The photographic  

compartment (see f i g u r e  2)  con ta ins  a p a i r  of 35mm cassette holders ,  a p a i r  

of  35mm sp rocke t s  and a r e t r a c t a b l e  p l a t e n .  The p l a t e n ,  which p res ses  

t h e  f i l m  a g a i n s t  : a  f a c e  p l a t e  t o  determine t h e  f o c a l  p lane  du r ing  exposures,  

i s  pu l l ed  back f o r  f i l m  advance and pushed i n  f o r  exposures .  

i s  manually advanced, w i t h  t h e  passage of  f i l m  be ing  ind ica t ed  by a counter  

a t t ached  t o  one of t h e  sprocket  s h a f t s .  

The f i l m  

GENEWL ANALYSIS 

S ta t i c  d i scha rge  does n o t  occur  s i g n i f i c a n t l y  a t  ambient p re s su re  where 

accumulated charges r e a d i l y  l eak  o f f  harmless ly .  However , when t h e  f i l m  i s  

sub jec t ed  t o  a vacuum of  about  50 microns,  severe s t a t i c  d i scha rge  problems 

are  encountered. Experiments i nd ica t ed  a m u l t i p l i c i t y  o f  sources  which w e r e  

i d e n t i f i e d  and co r rec t ed  i n  tu rn .  Primary sources  were found t o  be (1) f i l m  



Figure 1 

2 



Figure 2 

- 
I 
2 
3 
4 
5 
6 

7 
8 
9 

IC 
1 1  
I2 

TAKE-UP CASSETTE 
SPROCKET MOUNT 
SPROCKET 
CASETTE MOUNT 
FILM ADV KNOB 
COPPER PLATEN 
FACE 
FILM COUNTER 
FEED CASETTE 
PLATEN RETRACT 
KNOB 
MOUNTING BLOCKS 
FLEXIBLE BELLOWS 
GUIDE PINS 
S S  PLATEN BODY 

3 



t o  c a s s e t t e ,  (2) f i l m  t o  ground, and (3) f i l m  t o  f i lm.  It w a s  f i r s t  found 

t h a t  an  a n t i s t a t i c  spray,  S t a t i - k l e e r  (manufactured by Audiotex d i v i s i o n  of  

GC-Electronics, Inc. ,  Rockford, I l l i n o i s ) ,  app l i ed  t o  t h e  back of  t h e  f i l m  

would e l i m i n a t e  s t a t i c  d ischarge .  

however, s i n c e ,  i f  t h e  problem could be solved d i r e c t l y ,  t h e  f i l m  would n o t  

need s p e c i a l  t rea tment  o t h e r  than normal s t o r a g e  and loading.  Also, f o r  

a p p l i c a t i o n  w i t h i n  a space f l i g h t  program, t h e  spray  would n o t  be p r a c t i c a l ,  

i f  p o s s i b l e  a t  a l l .  

e i t h e r  f u r n i s h  t h e  f i l m  wi th  an  easier, more d i r e c t  r o u t e  t o  ground o r  

i s o l a t e  t h e  f i l m  and those  m e t a l  p a r t s  w i t h  which it  made con tac t  from 

ground thereby e l imina t ing  a pa th  f o r  t h e  charge accumulation t o  fol low.  

The charge would then remain on t h e  f i l m  u n t i l  t h e  vacuum w a s  removed o r  

u n t i l  it slowly d i s s i p a t e d .  Due t o  t h e  l o c a l  n a t u r e  of  t h e  charge,  i . e . ,  

The use  of  t h e  spray  was undes i rab le ,  

Two p o s s i b l e  approaches t o  a s o l u t i o n  w e r e  suggested;  

charge d e n s i t i e s  a t  random s i t e s  on t h e  film, t h e  p o s s i b i l i t y  of f u r n i s h i n g  

a more d i r e c t  d i scha rge  r o u t e  d id  n o t  seem promising, so e f f o r t s  proceeded 

i n  t h e  d i r e c t i o n  of maximum i s o l a t i o n  of  t h e  f i l m .  

FILM TO CASSETTE 

It w a s  apparent  t h a t  one major and e a s i l y  recognizable  source  of  s t a t i c  

d i scha rge  came from t h e  s l i p p i n g  of  t h e  f i l m  through t h e  f e l t  b inde r  on 

t h e  f i l m  cassettes. C e r t a i n  c h a r a c t e r i s t i c  "drag1' marks (see f i g u r e  3 )  

were seen  exposed on t h e  f i lm .  I n  f i g u r e  3 t h e  h o r i z o n t a l  l i n e s  are f e l t  

"drag" marks wh i l e  t h e  p e r i o d i c  v e r t i c a l  l i n e s  co inc ide  w i t h  t h e  d i s t a n c e  

t h e  f i l m  w a s  advanced between frames. Experiments were run us ing  cassettes 

w i t h  t h e  f e l t  sprayed w i t h  a n t i s t a t i c  spray ,  bu t  r e s u l t s  were nega t ive  w i t h  

a s l i g h t  worsening of  t h e  problem noted. On several cassettes t h e  f e l t  

b inder  w a s  removed and experiments were run  us ing  t h e s e  modif ied cassettes. 

Resu l t s  were p o s i t i v e ;  s t a t i c  d ischarges  were no t i ceab ly  reduced al though 



n o t  e l imina ted .  However, handl ing problems t o  avoid l i g h t  leakage became 

more complicated.  

FILM TO GROUND 

A primary type  o f  d i scha rge  w a s  recognized by a d e n d r i t i c  e lec t r ica l  

flow p a t t e r n  from a n  area o f  t h e  f i l m  t o  a p o i n t  of  t h e  sprocket  (see 

f i g u r e  4 ) .  This  p a t t e r n  d id  n o t  c r o s s  t h e  f i l m  e n t i r e l y  and appa ren t ly  

r ep resen ted  a d ra inage  of  charge o f f  t o  ground. 

t h e  f i l m  sprocket  mount made d i r e c t  m e t a l l i c  c o n t a c t  w i t h  t h e  main c h a s s i s  

ground. 

subsequent experimentat ion demonstrated p o s i t i v e  r e s u l t s .  

d i scha rge  pa th  t o  ground w a s  thus  e l imina ted .  

FILM TO FILM 

I n  t h e  o r i g i n a l  system 

New mounts were made of Tef lon  t o  break  t h e  grounding p a t h  and 

The gene ra l  

A semi-dendr i t ic  d i scharge  p a t t e r n  w a s  sometimes observed t o  run ac ross  

t h e  f i l m  t o  oppos i t e  sprocket  ho le s  ( see  f i g u r e  5). 

f low p a t t e r n  where t h e  l eng th  of  t h e  sprocket  o r  m e t a l l i c  f i l m  cassette com- 

p l e t e d  a c i r c u i t  a c r o s s  t h e  f i l m ,  between p o i n t s  on t h e  f i lm.  

" r ep r in t ing"  e f f e c t  between ad jacen t  f i l m  l a y e r s  i n  t h i s  p a r t i c u l a r  case. 

This  w a s  co r rec t ed  by t h e  i n s e r t i o n  of a d i e l e c t r i c  spacer  between t h e  

sprocket  gear  ends t o  prevent  d i scha rge  a c r o s s  t h e  width of  t h e  f i lm .  A 

similar d i scha rge  was observed between sprocket  t e e t h  a t  t he  edge o f  t h e  

f i l m  (see f i g u r e  6 ) .  

themselves t o  avoid d i scha rge  between t h e  t e e t h  on t h e  sprocket .  Again, 

r e s u l t s  w e r e  g e n e r a l l y  p o s i t i v e  and t h e  major s t a t i c  d i scha rge  problems 

w e r e  e l imina ted .  

a t  t h e  edges w e l l  away from t h e  exposed area. 

t h e  f i l m  c a s s e t t e  may form a conduction pa th  between f i l m  p o i n t s  a non- 

meta l l ic  o r  coated cassette i s  r equ i r ed .  

This  w a s  appa ren t ly  a 

Note t h e  

This  w a s  co r rec t ed  by Teflon coa t ing  of  t h e  sp rocke t s  

Some s m a l l  d i scharge  e f f e c t s  a r e  s t i l l  occas iona l ly  seen 

Under c i rcumstances where 
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Examination of  exposed f i l m  i n d i c a t e d  t h a t  i n  some cases  t h e r e  might 

b e  d i f f u s e  d i scha rge  of one area o f  f i l m  t o  i t s e l f  due t o  con tac t  i n  t h e  

cassette upon r o l l i n g  up. A s  long as the charge is  n o t  a c t u a l l y  removed 

from t h e  f i l m  be fo re  r o l l i n g ,  t h e r e  i s  no obvious s o l u t i o n  t o  t h i s  problem. 

An a r t i c l e  i n  SPIE - GLASS (volume 3,  no. 9 Feb, 1968, p.28) announced 

t h e  development of a s p e c i a l  Kodalc UV f i l m  which has a coa t ing  of  "rails" 

a long  t h e  edges.  These ra i ls  prevent  t h e  f i l m  from con tac t ing  i t s e l f  and 

i s  reputed  t o  prevent  fogging o r  unwanted development on s e n s i t i v e  f i lms .  

It should a l s o  be e f f e c t i v e  i n  reducing o r  l o c a l i z i n g  f i l m  t o  f i l m  c o n t a c t  

d i scharge .  S l ippage  of  t h e  f i l m  upon i tself  i n  winding must be avoided. 

FILM TO PLATEN 

During several experiments t h e  m e t a l  p l a t e n  w a s  charged t o  a p o t e n t i a l  

of  1000 VDC. The p l a t e n  i t s e l f  i s  i s o l a t e d  from ground, so  no d i r e c t  

d i scha rge  t o  ground can occur  through it .  

con t r ibu ted  no d i scha rge  t o  t h e  f i l m  except  when t h e  p o l a r i t y  was suddenly 

reversed  inducing a sudden charge displacement  and producing a weak d i f f u s e  

g ranu la r  fogging (see f i g u r e  7) .  

t h e  p l a t e n  was d e l i b e r a t e l y  moved i n  and ou t  several t i m e s  t o  s e p a r a t e  

e f f e c t s  of  f i l m  t o  p l a t e n  e l e c t r i c a l  d i scha rge  and t h e  e f f e c t  of  d i r e c t  

p l a t e n  p r e s s u r e  on t h e  exposure of  t h e  emulsion. 

no fogging w a s  observed, bu t  under vacuum, examination of  exposed f i lms  

ind ica t ed  a d i scha rge  t o  t h e  p l a t e n  i n  s p e c i f i c  l o c a l e s  as noted by t h e  

two sharp  d i scha rge  p o i n t s  t o  t h e  l e f t  of each spo t  exposure i n  f i g u r e  8. 

These co inc ide  wi th  s p e c i f i c  p o r t i o n s  o f  t h e  p l a t e n  dur ing  exposure. The 

p l a t e n  face has  s i n c e  been pol i shed .  

Resu l t s  i nd ica t ed  t h a t  t h i s  

During some of  t h e s e  same experiments,  

A t  ambient a i r  p re s su re  
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OTHER EFFECTS 

Examination of f i l m  s t r i p s  a l s o  d i s c l o s e d  a f i n e - l i n e  s t r u c t u r e  

gene ra l ly  extending a c r o s s  t h e  f i l m  from one sp rocke t  ho le  t o  t h e  

oppos i t e  sprocket  h o l e  (see f i g u r e  9a). These l i n e s  do no t  appear  t o  

be  d i r e c t l y  r e l a t e d  t o  t h e  type  of  s t a t i c  d i scha rge  d iscussed  above 

since they were as abundant on s t r i p s  which were r e l a t i v e l y  f r e e  o f  

o t h e r  s t a t i c  d i scha rge  as on those  which had numerous d ischarges .  

S ince  t h e r e  were ve ry  few (but some) of  t h e s e  l i n e s  on s t r i p s  exposed a t  

ambient p re s su re ,  t h e  l i n e s  a re  q u i t e  p o s s i b l y  induced i n d i r e c t l y  through 

vacuum "welding" o r  binding of t h e  bear ing  s u r f a c e s  of  t h e  cassette holder  

o r  t h e  sp rocke t s  which r o t a t e  on s h a f t s .  This  vacuum l u b r i c a t i o n  b inding  

causes  a f r i c t i o n a l  d rag  which p l aces  t h e  f i l m  under increased  s t r a i n  

when d r iven  around t h e  sprocket  under t h e  vacuum condi t ions  and may cause 

t h e  emulsion t o  c rack  s l i g h t l y .  Film advance under vacuum cond i t ions  was- 

cons iderably  more d i f f e r e n t  due t o  t h i s  binding.  F igure  9b-d shows photo- 

micrographs of l i n e s .  They are i n t e n s e l y  exposed a long  t h e  l i n e  and 

almost  always o r i g i n a t e  a t  sproclcet p o i n t s  which o f t e n  show fogging due 

t o  l o c a l  sprocket  t o o t h  p re s su re .  Vacuum l u b r i c a n t  has  been app l i ed  t o  

a l l  suspec t  su r f aces ,  bu t  t h e  e f f e c t i v e n e s s  of  t h i s  measure i s  n o t  y e t  

known. It i s  l i k e l y  t h a t  proper  l u b r i c a t i o n  and minimizat ion of f i l m  

f l e x  ang le s  w i l l  c o n t r o l  t h i s  problem. 

SUMMARY 

Proper  f i l m  t r a n s p o r t  des ign  a lone  w i l l  go a long way toward e l i m i -  

n a t i o n  of  s ta t ic  e lec t r ica l  d i scha rge  on f i l m  i n  a vacuum. The fo l lowing  

b a s i c  r u l e s  should accomplish e f f e c t i v e  c o n t r o l s :  

1) Avoid f i l m  s l ippage  over  any su r faces ;  t r a n s p o r t  t h e  
f i l m  w i t h  f i r m  bu t  minimal i n s u l a t e d  con tac t  a t  t h e  
sprockets  and wind f i l m  wi thou t  s l i ppage  on i t s e l f .  

9 
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2) Avoid a l l  p o s s i b l e  con tac t  of  f i l m  w i t h  conductor.  
Where t h i s  is n o t  p o s s i b l e  p o l i s h  con tac t  s u r f a c e s  
t o  minimize p o i n t  d i scha rge  sources .  I s o l a t e  from 
ground any metall ic components which c l o s e l y  con tac t  
t h e  f i l m .  

3)  Minimize f i l m  bend ang le s  and provide  c a r e f u l  vacuum 
bea r ing  des ign  t o  reduce f i l m  stress t o  a minimum. 

I n  a d d i t i o n  t o  t r a n s p o r t  des ign ,  t h e  choice  of  f i l m  base and backing can 

be expected t o  e f f e c t  s ta t ic  d ischarge .  Where a d d i t i o n a l  p r o t e c t i v e  m a r -  

g i n  is  p o s s i b l e ,  it should be u t i l i z e d ;  however, t h e  p r e s e n t  s tudy  sugges ts  

t h a t  c a r e f u l  t r a n s p o r t  des ign  a l o n e  can c o n t r o l  any severe problem. 
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